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核苷类逆转录酶抑制剂(NRTIs)是 早应用于临床的抗 HIV 药物，是临床一线用
药。1989 年 Larder BA 等首先报道了齐多夫定(AZT)耐药性的研究结果，随后几
乎所有抗 HIV 药物的耐药性及毒副作用均被发现。研制高效低毒的抗艾滋病药
物已成为当今医药工作者所面临的一大热点。            





1. AZTS 体外分析方法的建立及理化性质的测定。对 AZTS 的理化性质进行
了考察，如在不同溶剂中的溶解度、油/水分配系数、在不同 pH 磷酸盐缓冲液中
的稳定性、熔点等。与 AZT 相比，AZTS 理化性质发生明显改变，脂溶性明显
增强，在中性和偏酸性环境中比较稳定。 
2. AZTS 脂质体的制备、包封率测定及性质的研究。用葡聚糖凝胶 Sephadex 
G-50 凝胶层析柱分离 AZTS 脂质体和游离药物，测定 AZTS 脂质体包封率； 采
用乙醇注入法制备 AZTS 脂质体，对磷脂种类、磷脂含量、水合介质、胆固醇用
量、药脂比、VE 的含量进行单因素考察，正交设计优化处方， 优处方为磷脂
含量为 5%，药脂比为 1:20(W/W)，胆固醇与磷脂的比例为 1:6(W/W)，制备的脂
质体包封率高(90%)，粒径较小且均一(132nm 左右)。为进一步增加制剂稳定性，
采用合理的冻干曲线，以海藻糖为冻干保护剂，制备了 AZTS 脂质体冻干制剂，
在 3 个月内包封率及各项参数均无明显变化，制剂稳定。 
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测定 AZT 和 AZTS 在血浆和组织 浆中的含量，采用大鼠颈静脉和动脉插管技
术，进行 AZTS 脂质体低中高(5.0mg/kg、10.0mg/kg、20.0mg/kg)三个给药剂量的
大鼠药动学的研究，结果显示，低中高三个剂量的 AZTS 脂质体的 t1/2 分别是 AZT
的 1.92、2.27、2.35 倍，中高剂量组(10.0mg/kg、20.0mg/kg)的 AZTS 脂质体的
AUC(0-∞)分别是 AZT 的 2.90、7.16 倍，AZTS 脂质体使 AZT 在体内的半衰期延长，
并提高了其生物利用度。组织分布研究中，静脉注射 AZTS 脂质体后，药物可以
很快分布到各个组织中。在各个时间点，AZTS 脂质体在肝、脾中的含量均高于
AZT 溶液剂，肝、脾的相对摄取率为 1.08 和 2.95，均大于 1，说明对肝、脾有
靶向作用。除肝、脾、脑外的其他脏器中 AZTS 制剂组含量都较 AZT 溶液组有
所降低，说明 AZTS 脂质体降低了药物对其他脏器的毒性。AZT 在脑中的含量
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Abstract 
Acquired immunodeficiency syndrome (AIDS) is caused by the human 
immunodeficiency virus (HIV). Once the human body is infected by HIV, it will be 
easy to have the opportunity infection and tumor. Now AIDS is called “global plague 
and the worldwide disaster”. The drugs in clinical therapy, include nucleoside reverse 
transcriptase inhibitors (NRTls), nucleotide reverse transcriptase inhibitors (NtRTls), 
non-nueleoside reverse transeriptase inhibitors (NNRTIs), protease inhibitors(Pls) and 
fusion inhibitor. As the first drug of anti-HIV theray, NRTIs are the major choice in 
clinical therapy.Since Larder BA found the resistance of zidovudine (AZT) at 1989, 
the resistance and side effects of many drugs were reported. Therefore, the search for 
new promising agents against HIV with high-efficiency, low-toxin has become hot 
topics in the world. 
Zidovudine is a thymidine nucleoside reverse transcriptase inhibitor with activity 
against HIV-1. But a number of clinical benefits have been reported in patients with 
HIV infection or AIDS receiving zidovudine, including bone marrow toxity increased, 
a short half-time and the resisitance et al. AZTS as the prodrug of AZT was 
encapsulated in the targeted carrier of liposome, which may be useful in targeting HIV 
storage and reduce the toxic and side-effect. The following parts are included in this 
paper.  
1. The analytical method of AZTS in vitro was established. The physicochemical 
properties of AZTS, including thesolubilities in various solvent, n-octanol/water 
partition coefficients, the stability, melting point. AZTS has great changes comparison 
to AZT, including high lipophilicity.  
2. Sephadex G-50 fllrtation chromatography was adopted to separate free drug 
from AZTS liposomes. The concentration of AZTS in liposome was determined and  
EN was calculated. The AZTS liposomes were prepared using a modified ethanol 
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water solvents, amount of cholesterol, ratio of drug and lipid, and the amount of VE 
were tested. The optimized formulation by orthogonal design was 5% soyabean 
lecithin，with the ratio of drug and lipid 1:20(W/W) ,the ratio cholesterol lipid 
1:6(W/W). AZTS liposomes with the mean particle sizeabout 130nm and the EN 
about 90% was obtained. Aim to improve the long term stability, AZTS liposomes 
were freeze-dried, which were stable for 3 months. 
3. The pharmacokinetics and tissue distribution of AZTS liposome were studied. 
A LC-MS/MS method for the determination of AZT and AZTS in plasma and tissue 
homogenate was developed. The plasma congcentrations of AZT and AZTS after i.v. 
administration AZTS liposomes at doses of 5.0mg/kg, 10.0mg/kg, 20.0mg/kg and 
AZT solution at a dose of 10 mg/kg were determined. The half-time of AZTS 
liposome (5.0mg/kg, 10.0mg/kg, 20.0mg/kg) were 1.92, 2.27 and 2.35-fold higer than 
that of AZT solution. The AUC(0-∞) of AZTS liposome(10.0mg/kg, 20.0mg/kg) were 
2.90, 7.16-fold higer than that of AZT solution. The result showed that AZTS 
liposomes can extend half-time and improve bioavailability. Tissue distribution 
studies indicated that AZTS liposomes were rapidly distributed to tissues. After 
injection of AZTS liposome, the contents of AZT in spleen and liver, were higher than 
those of AZT solution, and, Te of spleen and liver were 1.08 and 2.95. The result 
indicated that AZTS liposome can target to spleen and liver. In addition, AZTS 
liposome led to higher brain content of AZT. Compared with AZT solution, the 
contents of other tissues were lower.   
4. The general pharmacology was researched. AZTS liposomes had no influence 
on central nervous system of mice, respiratory rate, blood pressure and 
electrocardiogram of rats.      
 
 

















摘 要 ·············································································································I 
Abstract ···································································································· III 
第一章 前 言······························································································ 1 
1.1 艾滋病简介 ········································································································1 
1.1.1 艾滋病流行现状 ························································································1 
1.1.2 病原体 HIV 的生物学特征及 AIDS 发病机制········································1 
1.2 抗 HIV 药物 ······································································································3 
1.2.1 抗 HIV 药物分类 ························································································3 
1.2.2 核苷类逆转录酶抑制剂(NRTIs) ································································3 
1.2.3 齐多夫定·····································································································3 
1.3 靶向载体-脂质体 ······························································································4 
1.4 实验设计思路 ····································································································5 
1.4.1 给药载体的选择 ·························································································5 
1.4.2 模型药物 AZTS 的设计 ·············································································6 
参 考 文 献 ··············································································································7 
第二章 齐多夫定硬脂酸酯体外分析方法的建立及理化性质研究 ··· 10 
2.1 齐多夫定硬脂酸酯体外分析方法的建立······················································10 
2.1.1 仪器与试药 ·······························································································10 
2.1.2 实验方法与结果 ·······················································································10 
2.2 齐多夫定硬脂酸酯理化性质的研究······························································12 
2.2.1 仪器与试药 ·······························································································12 
2.2.2 实验方法与结果 ·······················································································12 
2.3 讨论 ··················································································································15 
2.4 小结 ··················································································································16 
参 考 文 献 ············································································································16 
第三章 齐多夫定硬脂酸酯脂质体及冻干制剂的研究························ 18 
3.1 齐多夫定硬脂酸酯脂质体的制备···································································18 















3.1.2 实验方法与结果 ·······················································································18 
3.2 AZTS 脂质体冻干前后理化性质及冻干制剂初步稳定性的考察 ··············27 
3.2.1 仪器与材料 ·······························································································27 
3.2.2 实验方法与结果 ·······················································································28 
3.3 讨论 ··················································································································33 
3.4 小结 ··················································································································34 
参 考 文 献 ············································································································35 
第四章 齐多夫定硬脂酸酯脂质体药物动力学和组织分布的研究 ··· 37 
4.1 药物动力学研究 ······························································································37 
4.1.1 仪器与试药 ·······························································································37 
4.1.2 方法与结果 ·······························································································37 
4.2 组织分布的研究 ······························································································45 
4.2.1 仪器与药品 ·······························································································45 
4.2.2 方法与结果 ·······························································································45 
4.3 讨论 ··················································································································54 
4.4 小结 ··················································································································55 
参 考 文 献 ············································································································56 
第五章 齐多夫定硬脂酸酯脂质体一般药理学评价 ···························· 57 
5.1 一般药理学研究 ······························································································57 
5.1.1 仪器与材料 ·······························································································57 
5.1.2 方法与结果 ·······························································································57 
5.2 讨论 ··················································································································63 
5.3 小结 ··················································································································64 
参 考 文 献 ············································································································64 
全 文 结 论······························································································ 65 
缩略语 ········································································································ 67 














Table of Contents 
VII 
Table of Contents 
Abstract in Chinese·····················································································I 
Abstract in English ················································································· III 
Chapter 1 Introduction ············································································· 1 
1.1 Summary of AIDS ······························································································1 
1.1.1 Epidemic Situation of AIDS·········································································1 
1.1.2 Biology characteristic of HIV and pathogenesis of AIDS ····························1 
1.2 Anti-HIV Drugs ··································································································3 
1.2.1 Classification of anti-HIV drugs···································································3 
1.2.2 Nucleoside reverse transcription inhibitors (NRTIs) ····································3 
1.2.3 Zidovudine ···································································································3 
1.3 Targeted carrier-liposome··················································································4 
1.4 Design of experiments ························································································5 
1.4.1 Selection of drug carrier ···············································································5 
1.4.2 Design of AZTS ···························································································6 
Reference ···················································································································7 
Chapter 2 Study on analytical method and physico-chemical 
properties of AZTS ·················································································· 10 
2.1 Establishment of analytical method for AZTS ··············································10 
2.1.1 Instruments and Reagents···········································································10 
2.1.2 Methods and Results···················································································10 
2.2 Study on physico-chemical properties of AZTS·············································12 
2.2.1 Instruments and Reagents···········································································12 
2.2.2 Methods and Result ····················································································12 
2.3 Discussion ··········································································································15 
2.4 Conclusion·········································································································16 
Reference ·················································································································16 
Chapter 3 Study on AZTS liposome and freeze-drying preparation 18 
3.1 Prepariation of AZTS liposom ········································································18 
3.1.1 Instruments and Reagent ············································································18 













Table of Contents 
VIII 
3.2 Study on physico-chemical properties of AZTS liposome before/after 
freeze-drying and stabilities of freeze-drying preparation ·································27 
3.2.1 Instruments and Reagents···········································································27 
3.2.2 Methods and Results···················································································28 
3.3 Discussion ··········································································································33 
3.4 Conclusion·········································································································34 
Reference ·················································································································35 
Chapter 4 Study on pharmacokinetics and tissue distribution of 
AZTS liposome ························································································· 37 
4.1 Study on pharmacokinetics of AZTS liposome··············································37 
4.1.1 Instruments and Reagents···········································································37 
4.1.2 Methods and Results···················································································37 
4.2 Study on tissue distribution of AZTS liposome··············································45 
4.2.1 Instruments and Reagents···········································································45 
4.2.2 Methods and Results···················································································45 
4.3 Discussion ··········································································································54 
4.4 4.4 Conclusion···································································································55 
Reference ·················································································································56 
Chapter 5 Study on pharmacodynatics in vitro and general 
pharmacology of AZTS liposome··························································· 57 
5.1 Study on general pharmacology of AZTS liposome ······································57 
5.1.1 Instruments and Reagents···········································································57 
5.1.2 Methods and Results···················································································57 




Initiakism ·································································································· 67 
Acknowlegements····················································································· 68 
















第一章 前 言 
1.1 艾滋病简介 
1.1.1 艾滋病流行现状 





计，中国自 1985 年出现第一例艾滋病病人以来，截至 2009 年 10 月底，累计报






1.1.2 病原体 HIV 的生物学特征及 AIDS 发病机制 
1.1.2.1 HIV 的生物学特征  
1983 年法国巴斯德研究所 Dr. Montagnier 等人首先发现 AIDS 的病因
-HIV(Human Immunodeficiency Virus)。1984 年美国国立癌症研究所的 Dr. Robert 
Gallo 研究小组证实了的 Dr. Montagnier 研究成果，随后科学家们又研究出特异
性的检测方法，人类对 HIV 的研究不断深入。 
HIV 在分类学上属于逆转录病毒科，慢病毒属，灵长类慢病毒群。HIV 为球
形颗粒，由核心和包膜组成。包膜是来自宿主细胞膜的脂质双层膜，表面嵌有糖
蛋白 gp120 和 gp41，在病毒包膜的里面是甲基化基质蛋白 gp17。核心是由蛋白

















图 1.1 HIV 的结构 
Figure1.1 The structure of HIV 
1.1.2.2 HIV 的复制周期及 AIDS 发生机制 
HIV 体外不能繁殖，需借助人体细胞复制再生。 HIV 在血液中的半衰期小
于 6h，但进入细胞内每天产生约 1010 病毒颗粒，每年大约可繁殖 140 代。HIV
复制过程大致可分为以下过程：①病毒进攻细胞(Binding)：病毒表面糖蛋白 gp120
与宿主细胞的 CD4 受体特异性结合；②融合(Fusing)：病毒表面包膜糖蛋白 gp120
和 gp41 形成一个三聚体的功能单位，gp41 内嵌在病毒包膜中，gp120 与宿主细
胞表面的 CD4 分子特异结合，导致包膜构象改变，使得 HIV 与细胞表面的辅助
受体(CXCR4 和 CCR5)[3,4]结合， 终导致 gp41 构象发生根本性的变化，使得
HIV 与细胞膜靠近并融合；③逆转录(Reverse transcription)：进入细胞的单链病
毒 RNA 在 HIV-RT 作用下合成双链病毒 DNA；④整合(Integration)：双链病毒
DNA 在整合酶作用下进入细胞核内；⑤转录(Transcription)：病毒 DNA 借助细胞
核转录大量病毒 RNA；⑥转译(Translation)：病毒 RNA 合成长链蛋白。⑦组合




















1.2 抗 HIV 药物 
1.2.1 抗 HIV 药物分类 
随着 HIV 的复制周期的深入全面的研究，治疗 AIDS 的作用靶点越来越多
的被发现。到目前为止，美国 FDA 已批准 30 种抗 HIV 药物上市，其中包括 2
种阻止病毒包膜宿主细胞膜融合的膜融合抑制剂(FI),12 种 HIV 逆转录酶抑制剂
(其中包括 8 种核苷类抑制剂和 4 种非核苷类抑制剂)，10 种 HIV 蛋白抑制剂(PI)，
5 种固定计量复合剂 (FDC)，1 种整合酶抑制剂(II)。目前临床上主要应用的是高
效逆转录病毒疗法(HAART)，它是由几个不同的逆转录酶抑制剂和蛋白酶抑制剂




苷酸类及其衍生物, 但他们本身并没有抗 HIV 活性，只有进入体内在宿主酶的作
用下磷酸化成三磷酸腺苷活性形式，通过与底物竞争性的结合 RT 的结合位点，
从而达到抑制病毒复制的作用。已上市的 NRTIs 有齐多夫定(AZT, zidovudine)、
司他夫定 (d4T, stavudine) 、拉米夫定 (3TC, lamivudine) 、恩曲他滨 (FTC, 
emtricitabine)、地丹诺新(ddI, didanosine)、扎西他宾(ddC, zalcitabine)、替诺复韦
(TDF, tenofovir)和阿巴卡韦(ABC, bacavir)[8]，结构见图 1.2。   
1.2.3 齐多夫定 
此类药物的代表性药物是齐多夫定(AZT)，AZT 是 1987 年由英国葛兰素-威
康公司开发，美国 FDA 批准的第一个上市治疗 HIV 感染的药物，并且是唯一被
美国 FDA 批准用于预防 HIV-1 母婴传播的药物[9]。AZT 可降低由 HIV 引起的机
会性感染，增加 T 淋巴细胞的数量，提高 AIDS 病人的生活率和生活质量。AZT
可穿过血脑屏障，进入脑内，降低中枢神经系统的 HIV 数量，改善和减轻 HIV
引起的中枢神经性疾病。 
目前 AZT 的临床应用剂型主要有①片剂，口服齐多夫定片剂后，齐多夫定
可迅速吸收，在用药后 0.5 至 1.5 小时血药浓度达到峰值；齐多夫定消除半
















图 1.2 核苷类逆转录酶抑制剂的化学结构 





惊厥等状态而不宜口服给药的患者。③胶囊剂，齐多夫定 先于 1964 年合成，
在对化合物不断筛选研制后，由英国威尔康公司开发上市，1987 年 3 月获得美
国 FDA 批准，是首次用于抗 HIV/ AIDS 预防、治疗的口服胶囊剂，商品名立妥
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